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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes Coronavirus Disease 2019
(COVID-19) with a high rate of mortality. Chloroquine and hydroxychloroquine have been used
for antimalarial and autoimmune diseases for many years. Due to low toxicity and well tolerability
as well as immunomodulatory properties, these drugs are proposed to treat viral infection. Some
studies, both in vitro and in a clinical setting, have been evaluated for their ability to treat SARS-
CoV-2 as promising therapies. Although The National Agency of Drugs and Food Control of The
Republic of Indonesia issued emergency authorization for chloroquine and hydroxychloroquine to
be used against COVID-19 infection, the efficacy of these drugs is still based on small clinical non-
randomized trials with a limited number of patients. However, the use of these drugs without any
risks. The safety of these drugs to be used in COVID-19 patients is lacking. Some experts noticed
that the drugs cause harmful adverse effects, especially a harmful QT prolongation. In Indonesia,
until now, no study evaluates the effectiveness as well as the safety of these drugs to be used in
COVID-19 infection. This article will discuss the role of chloroquine or hydroxychloroquine and

its safety to be used against COVID-19 infection.
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INTRODUCTION

In late December 2019, the novel virus called severe
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) was found in Wuhan, China. A large number
of patients were found with pneumonia with unknown
etiology and seemed not responsive to standard therapy
of pneumonia. It is known that the virus was transmitted
from animals to humans or as zoonotic (Lu et al.,
2020). In March 2020, the WHO stated that COVID-19
virus infection became a global pandemic with many
countries all over the world, reporting positive cases of
confirmed patients with COVID-19 (WHO, 2020). In
Indonesia, the first case of COVID-19 reported in March
2020. On May 21, 2020, there were significant cases
of COVID-19 positive patients of more than 20.000
cases, with the mortality rate was 6.3%, the highest of
all Southeast Asia countries (Kemenkes RI, 2020). Many
programs have carried out by the Indonesian government,
including washing hands with soap as often as possible,
using hand sanitizer, physical distancing, learning, and
working from home, using masks when leaving home, is
a way to break the spread of the COVID-19 virus chain.
At present, the spread of SARS-CoV-2 from human to
human is the main transmission via airborne droplets to
the nasal mucosal or through the eyes from symptomatic
patients (Han et al., 2020).

SARS-CoV-2 causes symptoms or without symptoms
when someone infected with the virus. The most
common symptoms are fever, muscle aches, cough, and
respiratory symptoms such as dyspnea (Guo et al., 2020).
Symptoms worsen in the elderly, smoking, and patients
with underlying or chronic diseases such as diabetes,
cancer, heart disease, and autoimmune diseases. It
has been proposed that smoking habits, diabetes, and
cardiovascular disease increase the expression of
angiotensin-converting enzyme-2 (ACE-2) receptors
(Fang et al., 2020). The problem that arises from
COVID-19 infection is to choose a therapy that effective
and safe. Until now, the food and drug administration
(FDA) has not yet approved the best drugs to manage
COVID-19 infections. A large number of drugs given to
patients, only limited to case reports in various countries.
To the best of our knowledge, there are no randomized
controlled clinical trials with many patients and the best
methods that evaluate the effectiveness and safety of a
particular drug for COVID-19 infection. Antimalaria
drugs, namely chloroquine and hydroxychloroquine,
have been reported to be used to treat COVID-19
infections in several countries all over the world.
Indonesia has even imported Favipiravir (Avigan®) from
Japan and ordered a pharmaceutical company to produce
millions of chloroquine tablets to overcome COVID-19
infections in Indonesia. Chloroquine has been known for
a long time as an antimalarial drug. WHO is planning
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a multinational clinical trial, not blinded, related to
COVID-19 called SOLIDARITY. The study divided
into four groups, namely the lopinavir/ritonavir (LPV/r)
group and IFN-B, the LPV/ r group, the chloroquine, or
chloroquine group and the remdesivir group. Although
The National Agency of Drugs and Food Control of
The Republic of Indonesia has granted emergency
authorization for using antimalarial drugs, chloroquine
and hydroxychloroquine to treat COVID-19 infection
in Indonesia, unfortunately, until now there has been
no clinical studies that evaluate the effectiveness and
safety of chloroquine to treat COVID-19 infection in
Indonesia. This review article will discuss at a glance
the role of chloroquine and its safety as therapy for
COVID-19 infection.

METHODS

The method to review this article is a narrative review
study. In contrast to systematic reviews, a narrative study
is not necessary a systematic, structured, and validated
library search method. Therefore, the article selection
flow is not absolutely displayed (Pae, 2015). This
narrative study used published articles from the library
search process using a scientific research database,
PubMed. Keywords, such as SARS-CoV-2, COVID-19,
chloroquine, hydroxychloroquine, and QT prolongation,
are used to search libraries. Articles used in this study
are no more than the last ten years. Literature search as
a reference in published articles (i.e. SCOPUS) is also
used in this study.

RESULTS AND DISCUSSION

What is Chloroquine?

Chloroquine and hydroxychloroquine are
4-aminoquinoline synthetic antimalarial drugs, originated
from the bark of cinchona. Chloroquine has been used for
the treatment and prophylaxis of malaria for many years.
Nowadays, chloroquine and hydroxychloroquine cannot
be used any longer for the treatment of malaria disease
due to the high-level resistance of malaria parasites.
These drugs are commonly used for autoimmune
disease or as disease-modifying anti-rheumatic drugs
(DMARDs), which is widely used to treat systemic
lupus erythematosus (SLE) and rheumatoid arthritis
(RA), due to strong immunomodulatory capacity (Lee
et al,, 2011). Because of low toxicity, inexpensive,
well tolerably, and immunomodulatory characteristics,
chloroquine, and hydroxychloroquine have also been
considered to treat viral infections. Since chloroquine
and hydroxychloroquine are not patented by the
pharmaceutical company, it a great advantage to
conduct clinical trials about their efficacy in COVID-19
infection. Chloroquine has been known from several
studies to have antiviral effects in middle east respiratory
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syndrome (MERS), severe acute respiratory syndrome
(SARS), Ebola, and the latest COVID-19 virus, but
without any data showing clinical efficacy (Savarino et
al., 2003 ; Cortegiani et al., 2020).

Both ofthem are soluble in water, but hydroxychloroquine
ismoresolublethan chloroquine duetoits N-hydroxyethyl
chain. Chloroquine and hydroxychloroquine have a very
long elimination half-life (t %), 38 days, and 54 days,
respectively (Kalia & Dutz2007). Because of a very long
elimination half-life, they will accumulate into the tissue
after chronic exposure to the drugs (Jorge et al., 2018).
Chloroquine and hydroxychloroquine are metabolized in
the liver by the cytochrome P450 enzyme, and more than
50% excreted by the kidneys as unchanged drugs. Due
to the very long elimination half-life, these drugs are
slowly excreted in the urine. Thus, even the therapy has
stopped, it is crucial to monitor the possible side effects
of these drugs, such as keratopathy and maculopathy.
The prevalence of retinopathy after administering
chloroquine was lower than 2% and the incidence of
retinopathy is more common in Asian patients (Marmor
et al., 2016). There were two aspects to be considered
to use chloroquine and hydroxychloroquine to treat
COVID-19 infection : (1) the COVID-19 infection is a
pandemic, FDA has issued the emergency authorization of
chloroquine and hydroxychloroquine to treat COVID-19
infection; therefore millions of infected patients will be
administered chloroquine or hydroxychloroquine by
the clinician, 2) the dose of these drugs for COVID-19
infection may higher than that of for autoimmune disease
(Touret & de Lamballerie 2020). The recommended dose
of chloroquine base for SLE was 3.5-4.0 mg/kg BW/day
(150-300 mg/day) (one tablet of 250 mg chloroquine
phosphate equal to 150 mg of chloroquine base).

Several mechanisms of  chloroquine and
hydroxychloroquine have been observed against SARS-
Cov-2 as follows: (a) chloroquine interferes with the
glycosylation process with the ACE-2 receptors, as
the site of SARS-CoV-2 binds into the host cells, (b)
as a weak base, chloroquine increases the pH of acidic
cellular organelles, inhibits the process of endocytosis
in the intermediate stage and virion transport, (c)
chloroquine prevents the virion assembly process and
viral protein synthesis (Savarino et al., 2003).

In Vitro Activity

Since the chloroquine and hydroxychloroquine have
a similar chemical structure and physicochemical
properties, it proposed that the mechanisms of these
drugs are also similar. Therefore, chloroquine and
hydroxychloroquine are interchangeable against
COVID-19 in several in vitro studies. Chloroquine
and hydroxychloroquine have good bioavailability,
very high volume distribution, and relatively high
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concentration in the kidney, spleen, liver, and lung. A
preclinical study reported that the highest concentration
of chloroquine was found in lung tissue, about 11.8-450
times higher compared with plasma concentration after
the administration of single-dose chloroquine (Adelusi
et al., 1982). Pre-clinically, it proposed that chloroquine
can be used in COVID-19 associated pneumonia. Some
in vitro studies that evaluate the effect of chloroquine and
hydroxychloroquine against COVID-19 used African
green monkey kidney VeroE6 cells. A study by Yao et
al., showed that hydroxychloroquine was more potent
(EC,, = 0.72uM) than chloroquine (EC,, = 5.47uM) to
inhibit COVID-19 in vitro. By the physiological based
pharmacokinetic (PBPK) models, administer 400 mg
hydroxychloroquine sulfate as a loading dose, given
orally, and followed by 200 mg twice daily for four days
as a maintenance dose considered to treat COVID-19
infection. The aim of the maintenance dose was to
maintain the drug concentration to effective in infected
lung tissue of COVID-19. The administration of loading
dose and followed by the maintenance dose, it three
times the potency of chloroquine when administered
with a dose 500 mg, twice daily for 5 days (Yao et al.,
2020), but, it is unclear the site of action of chloroquine
in lung tissue to treat COVID-19 associated pneumonia.
Wang et al., stated that the value of EC90 of chloroquine
against COVID-19 in Vero E6 cells was 6.90 uM. This
in vitro EC, of chloroquine is similar to the plasma level
when a patient was given 500 mg of chloroquine to treat
rheumatoid arthritis (RA) (Wang et al., 2019). A study by
Liuetal, reported that the value of cytotoxic concentration
(CC50) of chloroquine and hydroxychloroquine was
273.20 and 249.50 uM, respectively. The selectivity
index (CC50/EC50) of chloroquine was higher than that
of hydroxychloroquine. It indicated that the activity of
hydroxychloroquine to treat COVID-19 was less potent
compared to chloroquine (Liu et al., 2020).

Clinical Studies

In spite of lack of evidence, guidelines from several
countries propose chloroquine and hydroxychloroquine
to be considered for use in patients with COVID-19.
Chinese guidelines recommended chloroquine phosphate
500 mg twice daily for seven days (National Health
Commission and State Administration of Traditional
Chinese Medicine, 2020). The Italian Society of
Infectious Diseases recommends 500 mg of chloroquine
phosphate or 200 mg hydroxychloroquine sulfate
twice daily for 10 days regardless of severity, but not
for prophylactic use (Gruppo collaborativo COVID-19
Lombardia, 2020).

A study by Gautret et al., showed that the administration
of hydroxychloroquine with the dose of 200 mg, three
times daily for ten days along with Azitromycin, is
effective for clearing COVID-19 in nasopharyngeal in
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most patients for three to six days (Gautret et al., 2020).
A limitation of the study by Gautret et al., was a small
sample size (n=80) without a control group, and the study
design was non-randomized and non-blinded. Another
limitation was 92% of patients with mild severity of
illness, and there was no comparison group. Therefore,
their results can not be interpreted in clinical settings. A
study by Yao et al., showed that the infected COVID-19
patients could be administered hydroxychloroquine of
400 mg twice daily for the first day and followed at the
dose of 200 mg twice daily for 4 days as a maintenance
dose (Yao et al., 2020). Similar to Gautret’s work, no
placebo was used in this study. Outcomes were not clear,
and patients with underlying disease or comorbid were
not reported, and their might as cofounding variables
that interrupt the main findings. Chloroquine, as a
DMARD, has several immunomodulatory properties
by suppressing IL-6 release and tumor necrosis factor-a
(TNF-0). It may prevent the occurrence of cytokine
storms that worsen the prognosis of patients with
COVID-19 infection (Guo et al., 2020). Another study
in a multicenter clinical trial, including more than 100
patients, found that chloroquine has some efficacy to
treat COVID-19 infection with pneumonia in China
(Gao et al., 2020). This result, without any limitations,
the regimentation dose of chloroquine was not clearly
stated, poor methodology, and statistical analysis were
not included in this study.

A cohort study by Borba et al., analyzes the effect of
high dose (600 mg, twice daily for ten days) versus
low dose (450 mg twice daily on day one, and once
daily for four days) chloroquine as adjunctive therapy
for severe COVID-19 infection. The results of this
study stated that the administration of a high dose of
chloroquine should not be recommended for severe
patients with COVID-19 infection due to its serious
safety hazards, QT prolongation compared with the
low dose of chloroquine. The QT prolongation after the
administration of high dose chloroquine will be greater
when taken together with oseltamivir and azithromycin.
The overall conclusion of this study that it can not be
generalized to nonsevere COVID-19 infection (Borba et
al., 2020).

Indonesian Society of Respirology has included
chloroquine and hydroxychloroquine in therapy for
patients who have confirmed positive COVID-19
with mild to severe symptoms. For mild and moderate
symptoms, the Indonesian Society of Respirology
suggested chloroquine phosphate 500 mg, twice daily
for 5 days or hydroxychloroquine 400 mg, once daily for
5 days. For severe symptoms, the dose of chloroquine
phosphate was 500 mg, twice daily for day 1 until day
3, followed by 250 mg of chloroquine phosphate, twice
daily for day 4 until day 10 or hydroxychloroquine 400

E-ISSN 2477-0612



52 Pharm Sci Res, Vol 7 Special Issue on COVID-19, 2020

mg, once daily for 5 days. For moderate and severe
symptoms, azithromycin with dose 500 mg was added
once daily for 3 days. Indonesian Society of Respirology
also issued a warning that the combination of chloroquine
phosphate and azithromycin in some cases caused the
QT interval to be prolonged (Indonesian Society of
Respirology, 2020).

Acute respiratory distress syndrome (ARDS) is a
leading cause of death in COVID-19 patients. The
cause of ARDS in SARS-CoV-2 infection is a cytokine
storm, which is an uncontrolled systemic inflammatory
response due to the release of large amounts of
proinflammatory cytokines (IFN-a, IFN-y, IL-6, TNF-a,
and TGFp) and large amounts of chemokines (Li et al.,
2020). This excessive immune response can cause lung
damage and fibrosis, resulting in functional disability
(Zumla et al., 2020). Because chloroquine has several
immunomodulatory effects, through inhibition of TNF
alpha and IL-6, it can prevent cytokine storms that lead
to worsening symptoms in COVID-19 patients (Guo et
al., 2020).

Safety, Adverse Effects and Risk Factors

The common adverse effects of chloroquine and
hydroxychloroquine in the usual dose are gastrointestinal
intolerance, such as nausea, vomiting, and diarrhea
(Srinivasa et al., 2017). The loading dose of 800
mg or higher is associated with serious side effects.
One of the side effects that irreversible and severe is
retinopathy. Retinopathy is associated with a dose of
more than 5 mg/kg and long treatment of chloroquine
and hydroxychloroquine, usually more than 5 years.
Cardiomyopathy is the most serious adverse effect
of the use of chloroquine and hydroxychloroquine.
Hydroxychloroquine was found to be less toxic than
chloroquine (Liu et al., 2020). The American Academy
of Ophthalmology reported that the major risk factors to
retinopathy were hydroxychloroquine with dose more 5
mg/kg/actual body weight or chloroquine more 2.3 mg/
kg/ actual body weight, long term therapy for over 5
years, renal disorders, concomitant use with tamoxifen,
and macular disease. It can be proposed that the adverse
effects of these drugs are dose-dependent. The best way to
prevent the incidence of retinopathy was the appropriate
dose and duration of treatment of chloroquine and
hydroxychloroquine (Marmor et al., 2016).

Some studies have shown that the combination of
chloroquine and azithromycin was effective in treating
COVID-19 infection. The study that evaluates the
QT prolongation as a serious adverse effect and
life-threatening from the use of chloroquine and
hydroxychloroquine with or without azithromycin
has been observed. A recent study by Mercuro
et al., infected COVID-19 patients who received
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combination hydroxychloroquine and azithromycin
had a significantly greater AQT interval than those
who received hydroxychloroquine alone. Besides that,
the use of loop diuretic as a significant risk factor QTc
interval prolongation with adjusted odds ratio was 3.38.
Because of QT prolongation, 11% of patients stopped
taking hydroxychloroquine before day 5. One patient
who received combination hydroxychloroquine and
azithromycin discontinued due to QT prolongation and
developed into ventricular arrhythmia after 3 days of
administration of these drugs. The limitation of a study
by Mercuro et al., that the patients were in critically ill
conditions, received several medications that affect the
QT prolongation and increase the cardiotoxic effect,
and also this study without a control group (Mercuro
et al., 2020). In COVID-19 patients with lung edema,
the use of loop diuretic is recommended to treat the
edema. The most prevalent side effects of furosemide
are hypokalemia. The lower level of potassium in
extracellular reduces IKr by enhanced inactivation or
exaggerated competitive block by sodium (Numaguchi et
al., 2000). Hence, hypokalemia induces the QT interval
prolongation. However, the fact that hypokalemia (<3.0
mmol/L) increases the blockade of IKr by the drug is
the most important in clinical practice. Correction of
hypokalemia properly to the normal or even higher level
can shorten the QT interval (Etheridge et al., 2003).

An observational study by van de Broek et al., reported
that the QT prolongation was observed in COVID-19
patients with mean QT prolongation of 35 ms and
34 ms by computerized and manual interpretation,
respectively, after the administration of chloroquine.
The dose of chloroquine was 600 mg as a loading dose
and followed by 300 mg twice daily, given twelve
hours after the administration of loading dose. The
total treatment of chloroquine was 5 days. Twenty-
two patients have a QT interval of more than 500ms
during therapy of chloroquine and lead to a higher risk
of ventricular arrhythmia. Forty-two of 95 patients had
a history of cardiovascular disease (atrial fibrillation,
CAD, CHF), and 4 patients used antiarrhythmic drugs
(Broek et al., 2020). Several studies stated that the
history of cardiovascular disease and concomitant use of
an antiarrhythmic drug can worsen the QT prolongation,
especially when wused with antimalarial drugs,
chloroquine or hydroxychloroquine. The finding of QT
prolongation by van de Broek et al was much higher than
the findings by Mzayek et al. It is because the dose of
chloroquine by van de Broek et al was a multiple-dose,
meanwhile in Mzayek et al as a single dose of 600 mg
chloroquine in healthy subjects (Mzayek et al., 2007).
The study by Saleh et al., showed that the maximum
QTc during treatment was significantly longer in the
combination hydroxychloroquine and azithromycin vs.
the monotherapy group (chloroquine) (470.4 + 45.0 ms
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vs. 453.3 £ 37.0 ms, p = 0.004), and also there were no
arrhythmogenic deaths during this study (Saleh et al.,
2020)

A study by Hancox et al, reported the use of azithromycin
dose from twelve case reports and showed that there
was no statistically significant relationship between the
dose of azithromycin and the duration of QT interval.
Risk factors that contribute to the QT prolongation
after the administration of azithromycin were female,
underlying diseases such as heart disease, older age, co-
administration with drugs that induce QT prolongation,
bradycardia, and hypokalemia (Hancox et al., 2013).
In malaria infection, the use of a combination between
chloroquine and azithromycin is to protect against
malaria and prevent sexually transmitted infections in
pregnancy (Chico et al., 2011). A study by Furst et al.,
reported that the administration of a loading dose of
hydroxychloroquine 400 mg, 80 mg, and 1200 mg/day
in patients with rheumatoid arthritis (RA), 8% of 212
patients had ocular abnormalities, and the adverse ocular
events did not occur at six weeks after the administration
of this drugs (Furst et al., 1999). A case report by Stas
et al., has reported that the conduction disorders and
QT prolongation were observed in a patient who taken
chloroquine 300 mg/day for 17 years for her SLE. This
report indicates that the occurrence of QT prolongation
is associated with chloroquine consumption over a long
period of time (Stas et al., 2008). Fortunately, therapy
of chloroquine or hydroxychloroquine is about five until
ten days for COVID-19 infection; therefore, the long
treatment is not recommended for COVID-19 infected
patients. Numerous studies have been observed, whether
the synergism effect of pharmacodynamics between
chloroquine and azithromycin was influenced by the
pharmacokinetic profile. A study by Cook et al., reported
that the combination between azithromycin with a dose
1000 mg and chloroquine, the dose ranging from 300
mg to 600 mg as chloroquine base in healthy subjects,
all parameter pharmacokinetics including t max, C max,
AUC, and half-life elimination (t %2) were in the range
80% until 125%. It can be indicated that the combination
of these drugs, there was no clinically pharmacokinetic
interaction. It demonstrated that the synergistic effects of
the combination between azithromycin and chloroquine
are not due to systemic drug-drug interaction (Cook et al.,
2006). Because chloroquine and hydroxychloroquine are
extensively metabolized in the liver by the cytochrome
P450 CYP2D6 enzyme, concomitant administration
with other drugs that inhibit the cytochrome P450
CYP2PD6 enzyme, such as antifungal triazole,
terbinafine, macrolide, and protease inhibitors cause an
increase of chloroquine plasma level and increase the
risk of harmful side effects, QT prolongation (Tisdale et
al., 2016).
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In May 2020, the World Health Organization
asked Indonesia to stop the use of chloroquine and
hydroxychloroquine in the solidarity trial for the
treatment of COVID-19 patients. It is based on the
findings of the Solidarity Trial study published on
May 22", 2020, in the Lancet Journal. In a study
entitled “Hydroxychloroquine or chloroquine with
or without a macrolide for treatment of COVID-19: a
multinational registry analysis,” it was stated that there
was an increase in morbidity in COVID-19 patients
who received hydroxychloroquine treatment. However,
this article has been retracted by the Lancet itself due
to conflicting data and poor methodology. Chloroquine
and hydroxychloroquine are medical prescriptions only
under the supervision of a doctor. In accordance with
the approval of its use (emergency use authorization),
these drugs are used limited in pandemic conditions
for the treatment of adult COVID-19 patients and
adolescents with more than 50 kg of body weight or
who are hospitalized. At this time, chloroquine and
hydroxychloroquine can still be used in Indonesia in
COVID-19 therapy. These drugs are still within safe
limits because the dosage is lower, and the duration of
use is shorter than the dose in ongoing clinical trials
in several countries (BPOM, 2020). The Indonesian
Society of Respirology has also stated that COVID-19
patients can still use chloroquine or hydroxychloroquine
according to the protocol of management as agreed with
the existing dosage with its restrictive rule, as long as
outside the research.

CONCLUSION

Even though the benefits of chloroquine and
hydroxychloroquine for COVID-19 therapy are still
limited to small clinical trials with poor methodology,
unmeasurable outcomes, non-randomized and open-
label, their use can still be considered by assessing the
benefits and risks to patients. Clinically, adverse effects
of these drugs that induce QT prolongation can be
prevented by using usual or recommended dose. From
several studies that have been reported the efficacy and
safety of chloroquine and hydroxychloroquine, although
the data are still very limited, a recommendation is
needed to consider using these drugs to treat COVID-19
infections. Itis very important to know whether the patient
has previously used chloroquine for malaria therapy,
or for autoimmune diseases (RA, SLE). Specifically,
for patients with autoimmune disease who have been
using chloroquine for a long time, consider examining
the early signs of cardiac arrhythmia before giving the
therapy to patients with COVID-19 infection. The other
things to consider are the presence of risk factors that
can be precipitated the heart problems related to QT
prolongation. These risk factors include concomitant
use with azithromycin, patients with a history of cardiac
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arrhythmia, old age, electrolyte disturbances, and
concomitant use with loop diuretics.
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